Introduction
Emergency operative intervention has been one of the cornerstones of the care of the injured patient. Over the past several years, nonoperative management has increasingly been recommended for the care of selected blunt abdominal solid organ injuries. The purpose of this study was to utilize a large statewide, population-based data set to perform a time-series analysis of the practice of physicians caring for blunt solid organ injury of the abdomen. The study was designed to assess the changing frequency and the outcomes of operative and nonoperative treatments for blunt hepatic and splenic injuries.
Methods
Data were obtained from the state hospital discharge data base, which tracks information on all hospitalized patients from each of the 157 hospitals in the state of North Carolina. All trauma patients who had sustained injury to a solid abdominal organ (kidney, liver, or spleen) were selected for initial analysis.
Results
During the 5 years of the study, 210,256 trauma patients were admifted to the state's hospitals (42,051 ± 7802 per year). The frequency of nonoperative interventions for hepatic and splenic injuries increased over the period studied. The frequency of nonoperative management of hepatic injuries increased from 55% in 1988 to 79% in 1992 in patients with hepatic injuries and from 34% to 46% in patients with splenic injuries. The rate of nonoperative management of hepatic injuries increased from 54% to 64% in nontrauma centers compared with an increase from 56% to 74% in trauma centers (p = 0.01). In patients with splenic injuries, the rate of nonoperative management increased from 35% to 44% in nontrauma centers compared with an increase from 33% to 49% in trauma centers (p < 0.05). The rate of nonoperative management was associated with the organ injury severity, ranging from 90% for minor injuries to 19%-40% for severe injuries. Finally, in an attempt to compare blood use in operatively and nonoperatively treated patients, the total charges for blood were compared in the two groups. When compared, based on organ injury severity, the total blood used, as measured by charges, was lower for nonoperatively treated patients.
Conclusions
This large, statewide, population-based time-series analysis shows that the management of blunt injury of solid abdominal organs has changed over time. The incidence of nonoperative management for both hepatic and splenic injuries has increased. The study indicates that the rates of nonoperative management vary in relation to the severity of the organ injury. The rates of increase in nonoperative management were greater in trauma centers than n nontrauma centers.
These findings are consistent with the hypothesis that this newer approach to the care of blunt injury of solid abdominal organs is being led by the state's trauma centers.
Trauma has been recognized as one ofAmerica's most serious and expensive health care problems.' In today's environment of rising costs and diminishing health care resources, treatment of injury needs to be delivered in the most effective and efficient manner possible. Surgical procedures are costly and invasive and ideally should be reserved for patients in whom such interventions can save lives, reduce pain and suffering, promote optimal recovery, and minimize lost productivity. To improve the quality of trauma care, there should be continued efforts to identify which patients benefit from operative interventions for injury. When ideal trauma care is maximized and the use of expensive resources is minimized, the best interests of the patient, the institution, and society will be served. The practice of nonoperative management of solid abdominal organ injuries in selected patients may allow delivery of optimum care to selected patients, while conserving resources.
Blunt abdominal injuries have traditionally been difficult to assess, and emergency surgical intervention to evaluate and treat blunt intra-abdominal injuries has been a cornerstone ofthe care ofthe injured patient. The development of peritoneal lavage, allowing detection of hemoperitoneum, was an important adjunct to the initial assessment of blunt intra-abdominal injury.2 More recently, the use of computed tomography (CT) has allowed physicians to assess solid abdominal organ injury and to estimate blood loss through cross-sectional imaging.34 These improving techniques of injury assessment have been associated with reports suggesting that the ideal management of selected solid organ injuries is through nonoperative treatment.5 '6 This approach of using nonoperative management for selected blunt solid organ injuries was first applied to splenic injuries in children7'8 and more recently to hepatic injuries.9"0 Although many articles have described positive results with the nonoperative management ofselected patients with blunt solid organ injury, 11-17 some surgeons are still suspicious of this approach because of the possibility ofmissed abdominal injuries, delayed recognition ofsignificant intra-abdominal bleeding, and associated mismanagement of the patient with the attendant risks of morbidity and mortality. It is appropriate for physicians and surgeons to have a healthy skepticism of new techniques until the value of a new approach has been documented and the appropriate patients for such therapies clearly defined. The purpose of this study was to perform a time-series analysis ofthe frequency ofsolid abdominal organ injury and its management in a statewide, population-based data base. The unique nature of this data source is of great value in addressing questions related to the management ofsolid organ injury, because the data set includes information on all of the patients with solid organ injury hospitalized in all ofthe hospitals in the state of North Carolina for a 5-year period. Thus, this data set provides a true, unbiased picture of the frequency, treatment, and outcomes of blunt solid organ injury of the abdomen. The large size of the data base and the diverse nature of hospitals, physicians, and patients included in the data set allow comparisons not possible in smaller studies. The goal ofthis study was to determine the change in frequency of nonoperative management of hepatic and splenic injuries over time and to compare the outcome of these injuries when treated at trauma centers and nontrauma centers. The hypotheses of this study were that (1) the rate of nonoperative management of solid organ injury would increase over time, (2) trauma centers more often treat solid organ injuries nonoperatively than do nontrauma centers, (3) the type of injury could identify patients who would be best served by nonoperative treatment, and (4) patients with injuries selected for nonoperative management would have outcomes comparable to patients treated operatively.
vided in the state and to serve as a clearinghouse for the data collected. The Commission has the authority to collect data from all health care providers as well as all thirdparty payers. The available data base consists of approximately 850,000 individual patient discharge records per year from the state's 157 acute care, alcohol rehabilitation, and psychiatric hospitals. The data base contains information about each hospitalization for all patients admitted to the hospitals in the state of North Carolina. Each discharge record includes information about the patient's age, sex, length of stay, diagnoses (the primary diagnosis and four additional ICD-9 coded diagnoses), services provided, related charges, and payer and provider information. The data base's primary goal was the analysis of billing information, but recently, our group has demonstrated that the data base can successfully be used to analyze clinical information. [18] [19] [20] Trauma patients were defined as all patients hospitalized with ICD-9 diagnosis codes between 800 and 959.9. All trauma patients who sustained a solid organ injury of the abdomen (kidney, liver, or spleen) were selected for initial analysis. Analysis of renal injuries showed a consistently high frequency of nonoperative management throughout the course of the study at trauma centers as well as at nontrauma centers (range, 80% to 90% for all types of injuries). Because few changes were seen in the management of renal injuries over the course of the study, they were excluded from further analysis. Patients were then included in the study if they had sustained either a splenic or hepatic injury. Patients were defined as having a splenic injury if they had diagnoses of between 865 and 865.19. Open injuries of the spleen were excluded (ICD-9 code 865.0). Patients were defined as having an hepatic injury if they had diagnoses between 864 and 864.19. Open injuries of the liver were excluded (ICD-9 code 864.0).
The ICD-9 coding methodology allows the injury type to be further specified using the fifth digit of the code. The injury types for hepatic and splenic injuries are shown in Table 1 Tables 3 and 4 .
The analysis shows that there was an increase in the number of patients with hepatic injury treated at nontrauma and trauma centers alike (+30 and + 178, respectively), but the increases were greater at the trauma centers. The percentage of all hepatic injuries treated at trauma centers increased from 43% in 1988 to 60% in 1992, a 15% increase. Similarly, the number of patients Tables 5 and 6 .
As shown, nonoperative management is practiced in a significant number of patients in both injuries studied (63% of hepatic injuries and 40% of splenic injuries on average during the 5 years ofthe study). The rate of nonoperative management in hepatic and splenic injuries increased significantly over the 5-year period of the study. Nonoperative management of hepatic injuries increased by 15%, from 55% to 70%, and nonoperative management of splenic injuries increased by 12%, from 34% to 46% (p = 0.001 for both).
Given the hypothesis that the rates of nonoperative management would be different in trauma centers compared with nontrauma centers, these two groups of patients were separated and analyzed. The results are presented in Tables 7 and 8 .
As shown in Tables 7 and 8 and in Figure 1 , there was a steady yearly increase in the proportion ofpatients with splenic and hepatic injury being managed nonoperatively. In patients with hepatic injuries, the rate of nonoperative management increased by 10% in nontrauma centers and by 18% in trauma centers (p = 0.01). In patients with splenic injuries treated at nontrauma centers, the rate of nonoperative management increased by 9%, whereas in trauma centers the increase was 16% (p = 0.001). Tables 7 and 8 show that both the absolute yearly rate and the rate of increase in nonoperative management were significantly greater in trauma centers. It was our hypothesis that the selection of patients for nonoperative treatment would be related to the severity of organ injury. The ICD-9 codes for solid organ injury contain injury descriptors that allow grading of the severity of organ injury (Table 1) . Using the ICD-9 code injury descriptors in those patients for whom they were available, the use of nonoperative treatment was assessed. The results of these analyses are shown in Tables  9 and 10 . This analysis demonstrates that there is a significant association between organ injury severity and the rate of nonoperative management for splenic and hepatic injuries. For splenic injuries, nonoperative management ranged from 15% for massive disruption of the spleen to 86% for splenic hematomas. The rate of nonoperative management of splenic injury increased significantly during the study period. Nonoperative management of hematomas increased by 6%, capsular tears by 9%, lacerations by 19%, and massive disruption by 6%. In patients ceed with operation. Delays or errors in judgment can 39% have been reported in centers using this diagnostic result in serious patient morbidity or even mortality. tool.37'38 Computed tomography scanning has reinforced Recent developments in the care of injured patients the belief that blood in the peritoneum does not always are changing physicians' practice patterns. One ofthe re-require operative therapy. In solid organ injury, a minor cent major changes in trauma care has been the routine injury may lead to blood in the peritoneum that may not use of CT scanning for the evaluation of the injured ab-require operative repair. It has been shown that the use domen. Along with the ability to obtain images of in-of CT scanning in blunt abdominal trauma has dejured abdominal organs has come the ability to quanti-creased the rate of nontherapeutic celiotomy.39 tate the organ injury severity and the option of selecting Based on this recognition and on clinical expertise, nonoperative management for some cases.5 6'8'9'36 This some patients with a solid organ injury documented on approach may be of greatest applicability in the case of CT scan have been treated nonoperatively. Although inisolid organ injury. Before the availability of CT scan-tially viewed as heretical, nonoperative management for ning, abdominal injury was often assessed by physical some patients has been shown to be successful. Controexamination or diagnostic peritoneal lavage.
versy remains concerning the selection of patients for Diagnostic peritoneal lavage has been shown to be use-nonoperative treatment and the risks and benefits of ful in trauma patients.2'34'35 The primary power as well such therapy. Given the previous recommendations faas the main disadvantage of diagnostic peritoneal lavage voring operative treatment of abdominal injury, it is not is its ability to recognize the presence of blood within surprising that the new approach to the treatment of the abdomen. Although diagnostic peritoneal lavage is blunt solid organ injury is adopted by different surgeons highly sensitive for detecting the presence of intra-ab-at different rates. One of the most important areas of dominal injury, nontherapeutic celiotomy rates of up to health care research in America today is the attempt to more common at trauma centers than at nontrauma centers, (3) that selection of patients for nonoperative management would be related to the severity of the injury, and (4) that the outcome ofnonoperative treatment would be comparable to that ofoperative treatment. Review ofthe results demonstrates that each hypothesis was confirmed. As shown in Table 1 , the population ofNorth Carolina grew from 6 .48 million to 6.84 million during the time of this analysis. The incidence of hepatic and splenic injury also rose in this time, but at a rate greater than the population increase (from 60 to 81 splenic injuries per 1 million population and from 56 to 83 hepatic injuries per 1 million population). The change in the rates of hepatic and splenic injuries is very highly correlated (R = 0.92), suggesting that the injury events are related. Again, it is worth noting the large size of the study population available for this analysis. The rising frequency of hepatic and splenic injuries documented in this study may have a significant effect on the health care system. Table 2 demonstrates that although the eight trauma centers make up only a small portion of the 157 hospitals in the state (5%), they care for a large proportion of patients with solid abdominal injuries (55% of splenic injuries and 53% ofhepatic injuries). This disproportionate experience in the care of injured patients may affect the skills and experience available for the care of seriously injured patients at individual hospitals. Because numerous studies have shown that increased experience in caring for an illness increases efficiency and improves outcomes,28-30 one could conclude that regionalization of trauma care is advantageous for the state and its citizens. During the study period, the number of solid organ injury patients being cared for by trauma centers increased from 41% to 48% of splenic injuries and from 45% to 60% of hepatic injuries, so it appears that there is a trend toward increased utilization of the trauma center as the site for the treatment of serious injury. Although this may be of value in terms of care and outcome, trauma care is generally expensive, resource intensive, and poorly reimbursed as well as disruptive to regular hospital scheduling and activities.332 If the commitment to an increased level of care in trauma centers is to continue, it must be recognized and supported by society.
The use of nonoperative management for the care of patients with solid organ injury was assessed for the 5 years of the study. In both liver and splenic injury, the rate of nonoperative management increased significantly. In patients with hepatic injury, the rate increased from 55% in 1988 to 70% in 1992. In patients sustaining splenic injury, the rate of nonoperative treatment increased from 34% to 46%. This is a remarkable change in practice patterns by the surgeons in the state over a relatively short period oftime. A number of studies have explored the process of changing physicians' practices.22'24'25 In general, it has been found that interventions designed to change physicians' practices have had little success.28 Therefore, the changes in the management of blunt abdominal injuries documented in this study bear further evaluation as a possible model of how physician practices can change rapidly, based on reports in the scientific literature, the institution of newer technology, and the recognition of improved outcomes associated with new approaches to care. It is also worth noting that the change in the care of the injured patients documented in this study occurred despite a predictable decrease in professional reimbursement for the attending surgeon, making it all the more remarkable that this pervasive change is sweeping the state.
Analysis of the rate of nonoperative management in trauma centers and nontrauma centers is shown in Table  4 . It was our hypothesis that this newer approach to the care of patients with solid organ injury might be led by those with the greatest experience and interest in the field oftrauma. In this study, trauma centers had consistently higher rates of nonoperative treatment of patients with splenic and hepatic injuries. The higher rates and the higher rate of increase in the use of this technique at the state's trauma centers is consistent with the hypothesis that the trauma centers, through their increased experience and interest in trauma care and their increased capability for careful monitoring, are leading the way in the development ofthis newer approach to the management of blunt abdominal injury. However, the use of nonoperative management of solid organ injury is not far behind in nontrauma centers.
In the analysis of the relationship of the organ and severity of injury to the use of nonoperative management, it was found that in injury of the spleen and liver there was a clear association with the type of organ injury sustained and the frequency of nonoperative management. Splenic hematomas were managed nonoperatively in 86% of patients. Capsular tears, lacerations and massive disruptions had progressively lower rates of nonopera-tive management (38%, 28% and 15% respectively). In the "other/unspecified" group, the rate of nonoperative management was over 50%. In each of the more severe types of injury, the rate of nonoperative management has been increasing over the period ofthe study (p = 0.01 or less in each). In patients with massive disruption ofthe spleen, the rate of nonoperative management increased from 13% to 19% (p = 0.001). In patients sustaining hepatic injuries, the relation between injury type and severity and the use of nonoperative management is again quite clear The use of nonoperative management ranged from 93% in patients with hepatic hematomas or contusions to 41% in patients with major lacerations (p = 0.001). There was a large increase in the rate of nonoperative management for minor lacerations and for patients in the "other/unspecified" groups (25% and 23% respectively). Hepatic hematomas are near the upper limit of nonoperative management at 95% of patients by the last year ofthe study. Excluding the first year ofthe study for patients with moderate hepatic lacerations, the rate of nonoperative management went from 46% in 1989 to 58% in 1992 a 12% increase.
In the analyses, nonoperative management tended to have better outcomes for all patients who sustained hepatic injuries, except for those patients with major lacerations (p < 0.05 for all). Similarly, in patients sustaining splenic injuries, nonoperative management resulted in better survival in all injury-type subgroups (p < 0.01 for all). In the analysis of the other outcome variables, hospital charges and length of hospital stay showed similar findings, with shorter stays and lower charges for the nonoperatively treated patients. The implications of these findings are that in selected patients, nonoperative management can result in outcomes that are comparable to, and perhaps even better than, operative treatment.
A major concern in the use of nonoperative treatment ofsolid organ injury is the potential for excessive transfusion during observation. This fear is related to the possibility of patients being unnecessarily exposed to the risk of transfusion-associated complications. This concern is based on some of the first studies of nonoperative management of the spleen in children. 7'8'23 In these studies, large volumes ofblood were transfused in efforts to avoid surgery. On the other hand, transfusion requirements of those patients undergoing surgery have not been compared with those treated nonoperatively. Although it has been the general assumption that direct surgical intervention will definitively treat the injury and thus stop all bleeding, it is also evident that blood loss may occur during surgery and, in some cases, after surgery, so that surgical therapy may also be associated with significant transfusion requirements. The current study, to the best ofour knowledge, is the first to present a large-scale comparison of blood use in operative and nonoperative patients with roughly comparable injuries. To assess blood use, the charges for blood use for each subgroup were analyzed. The results demonstrate that in all categories, charges for blood use are lower for nonoperatively treated patients of similar ages, Injury Severity scores, and Abbreviated Injury Scale scores ofthe abdomen. Although this does not prove the advantage of nonoperative management for every patient, it does suggest that as currently practiced in North Carolina, transfusion rates tend to be lower in patients managed nonoperatively compared with patients managed operatively with similar levels of organ injury severity.
An intriguing finding of the current study is the increasing frequency of the use of nonoperative management of more severe solid organ injuries. Although there has been a gradual development of consensus on the value of nonoperative management for milder solid organ injuries, nonoperative management for the treatment of more severe injuries remains highly controversial. This is particularly true in severe splenic injuries, in which fears of massive uncontrolled hemorrhage or delayed splenic rupture are important factors in patient management decisions. Given this controversy, it is of note that the data in this analysis seem to show that even for the most severe splenic injuries, the rate of nonoperative management is increasing and that in North Carolina this increase appears to be led by the eight trauma centers.
It is important to point out, however, that nonoperative management of solid organ injury is labor intensive, requiring satisfactory patient monitoring and availability of diagnostic studies. Additionally, expectant management ofsolid organ injury requires constant availability of operating rooms and personnel in the event of urgent or emergent operative intervention. Trauma centers are better equipped to provide the necessary monitoring and therapeutic options for solid organ injury. This may explain, in part, the increasing trend toward nonoperative management in trauma centers compared with nontrauma centers.
Regression modeling was used in this time-series analysis to predict future trends in nonoperative management in the state. Assuming that this trend is linear over the 5 years ofthe study, it can be predicted that by 1997, the rate ofnonoperative management for the most severe splenic injuries could rise to nearly 40% in trauma centers. For this to occur, the increasing frequency of nonoperative management of severe splenic injuries must plateau at some point. It is interesting, however, that there has been such a significant rate of increase for this treatment modality by trauma centers in patients with significant splenic injury. The finding that the frequency of nonoperative management for severe splenic injury has not changed in nontrauma centers is not surprising. Nontrauma centers have limited capabilities to offer nonoperative options for these difficult patients.
Limitations
There are several limitations to this study, the first being the nature ofthe data source. First, this data base was primarily designed for billing purposes, not to answer specific questions regarding patient management and physicians' practice patterns. Second, all data entry was performed by nonmedical personnel. Their lack of clinical expertise may be a source of error, especially in the grading of injury severity. Indirect evidence of this is indicated by the relatively large number of injuries classified as "other" or "unspecified" (52% of hepatic injuries and 26% ofsplenic injuries). Finally, conclusions for outcomes (mortality and length ofstay should be interpreted cautiously, because there is limited stratification for injury severity.
Overall, this study demonstrates that for appropriately selected patients, nonoperative management can result in excellent outcomes, comparable to those of operative management. It appears that this approach to therapy of solid organ injury will continued to be used, because the rate ofnonoperative management for all types ofhepatic and splenic injuries have increased over the course ofthis study. Clearly, not all patients can be managed nonoperatively. Continued work will be needed to identify the ideal selection criteria for this treatment approach. In the interim, nonoperative management is a viable option for the management of all types of solid organ injury.
Conclusions
It is increasingly incumbent on health care providers to ensure that treatments delivered to patients are the most efficient and effective possible. With the development of large-scale, population-based data bases, it is now possible to assess the effectiveness and efficiency of nonoperative management of splenic and hepatic injuries through studies of patient outcomes. Recent developments in the ability to assess intra-abdominal injuries without surgical exploration have led to a reduced reliance on surgical procedures as diagnostic and management tools.
The current study demonstrates that nonoperative management of hepatic and splenic injury is increasing. It I have some questions, the answers to which are needed to interpret some ofthe information presented.
What explains the difference in trauma center referral for patients with hepatic injury and those with splenic injury? Does the overall decrease rather than increase in nonoperative management for moderate and major hepatic injury during the 5-year study period mean that the need for operation is now more rapidly and accurately determined at trauma centers and thereby provide further justification for regional trauma centers?
What explains the higher hospital charges for nonoperative management of patients with minor and moderate hepatic lacerations?
How comfortable are you with the prediction of an ever-increasing rate of nonoperative management at trauma centers? It seems likely that there will be some irreducible subset of patients who will have such severe injury that operation will always be required.
Do the observed management trends correlate with staff member advanced trauma life support verification as well as for trauma center locale?
I compliment the authors on generating these data, which provide the financial basis supporting inclusion oftrauma centers as an integral component of managed-care systems wherein their documented leadership in effecting improvements in care should lead to progressively better outcomes at progressively lesser overall costs. DR. LEWIS M. FLINT, JR. (New Orleans, Louisiana): I enjoyed listening to this paper. I have some biases in this area in that this study represents trauma anthropology, if you willor maybe better stated, the "Gorillas in the Mist" approach to trauma research wherein you try to deduce the behavior of a species by observing its behavior.
I am not so sure that we can take much comfort from the fact that the frequency of nonoperative therapy of solid organ injuries is increasing. The fact that it is increasing in the trauma centers, comfortably leads to the conclusion that trauma centers are setting the pace in this area. I should certainly hope so.
I wonder, however, if we are really getting the kind of return on investment that we deserve out ofthe analysis ofthese large data sets. For example, would it not be better to find out whether nonoperative therapy for solid organ injury is successful? For example, could you not ask the database to tell you whether spleen injuries were managed without operation, with no transfusion, with no adverse modification of the care of other injuries, and a hospital stay of less than 5 days? These are pretty well accepted measures of success of nonoperative management of splenic injury.
I have only a couple of minor questions about the data. How do you know there actually was a spleen or liver injury? Did all of the patients get computed tomography scans? Or were some ofthe patients managed by clinical evidence alone?
Finally, how many patients in the data set were actual multiple injury patients as opposed to isolated solid organ injury patients?
